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ABSTRACT. The relation . V = R bct^ '^een tlio velocity of sound in liquids (tO and 
molecular volume (V) holds good in a large number of liquids. Combining this with the 
expression for the energy of a vibraiing molecule and Debye’s expression for the frcquuie 
of a vibrnliiig nudeeule, it is shown that the energy of a vibrating molecule, is proportional 
to its fref]iiencv of vibialion. An expression for the variation of the velocity of sound 
with temperature is giveji and a fair estimate of the critical temperature is shown to be 
possible therefrom.
Ill recent years a nunibei of iiive.stigators  ^ have clelcnnined the velocity of 
sound ill liquids particularly for the ultrasonic range of frequencies. Data for 
the velocity of sound in some liquids at different temperature.s are also available."" 
All other liquids except water show a considerable increase in compressibility
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with temperature, resulting iu a decreased velocity of sound- Physical proper­
ties of a liquid like compressibility, density, etc., are intimately connected with 
the cohesive factor in van der Waal’s equation being largely dependent on the 
internal forces between the molecules- According to Wheeler  ^ it is possible to 
calculate the values of a number of properties of a liquid from a knowledge of 
the inolecuiar volume at a given temperature and of the gaseous molecular 
attractive force constant and force coefficient, or alternatively of the parachor. 
Any simple relation between the velocity of sound and molecular volume of a 
liquid should therefore be interesting and fundamental.
A study <jf the measurements of the velocity of sound in liquids at various 
temijcratures shows that the ratitj of the temperature coefficient of acoustic 
velocity to the coefficient of volume expansion is constant for a number of liquids. 
Table I gives the values of the temperature coefficient of acoustic velocity, the 
coefficient of volume expansion, and their ratio for a number of liquids.
The mean value of the ratio is ~ 3 ±o'i2 
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where velocity of sound iu the liquid at temperature {“C.
V “ vuluine of the liquid at the same temperature.
From the above result (i) empirically obtained, it follows
2>^ .V = R (2)
where R is a constant independent of the temperature of the liquid.'* Table II 
gives the vadocity of sound and density of the liquid at various temperatures. 
I'he variation of acoustic velocity with frequency ( if any ) is neglected and the 
liquids are assumed to have no acoustic dispersion. Ri the product of the mole­
cular volume V and is seen to be fairly constant over the entire temperature 
range for which values are available.
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Ben/eiie 10 * 3^75 0*8896 975*7
20 T324 0-8790 975
30 1278 0-8684 975-4
40 1231 0*8576 975^ 4
50 1184 0-8467 975'«
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liquid is proportional to tlic cube of the
1 the result —R tlial tile velocity of
sound in a liquid varies inversely as the ninth power of the distance between the 
molecules. According to Wheeler the energy of a vibrating molecule is inver­
sely proportional to the Totli power of the mutual distance between two mole­
cular ctmtres.
Hence K oc— ]10
From the empirical result wc have obtained, it follows that
cr'
Combining (3) and (4) it follows that
constant, independent of temperature.
3^)
... (4 )
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According to Debye, the frequency of a vibrating molecule in a liquid is 
given by
u
3N
-  i . V
47tV '
where N = avogadro number,
V = molecular volume,
2 ? velocity of sound in the liquid.
vSince ^  is proportional to
N
we have 7;v= c — ... (6)
where c = constant.
Combining (5) and (6) wc have
Iv
■ = constant. I7)
This result sliows that the energy of a vibrating molecule is proportional 
to its frequency. ^
V /V R I A T I 0  N O F  T II U V K b O C I T Y O F vS O U N I) W I T H
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The equation, = constant, shows that the change in the velocity of 
sound with temperature is determined by the dei)endeiice of the density of the 
liquid ou temperature. The variation of density^’ with temperature from the 
freezing point to the critical point is represented for iion-associated liquids by the 
equation
D - d = D J I -
0 .
where U=deusity of the liquid at 0° Abs.,
d = density of the vapour at 0° Abs.
«
The equation also holds good for associated liquids over the lower part of 
the temperature range and in some cases nearly to the critical point. The zero
volume is nearly proportional to the critical volume for most of the liquids.
Do
Further, the critical temperature predicted from density observations are in good 
agreement with the observed values.
In the lower temperature range the density of the vapour is small and may 
be neglected in comparison with D and so we have
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D =  D„ 1 - e
Or
Combining this with
i f
constant.
we have „ / o V "
This equation givCsS the variation of tlie velocity of sound with temperature. 
The critical teiniieratures dcd\iced fioni sound velocity ineasuremcnts arc collected 
in Table III  and are coiii])ared witli tlie olisei ved values. The aiireemcnt is 
satisfactory.
TAm.K III
Liquid. 0 ,  Cal. 1i » .  Hxpt.
Ui'iizenc 1
Carbon tetrachloride | 531 1 55 '^ 1
Chlorohen/ciie 6 o y
Diethyl ether | 477 467
Toluene 375 i 394
Octanr^  i1 ^49 561J
Heptane 1 343 54'-
Nitrotoluene |j 734 754
p-Dichlorobenzene | 6 6 0 67s
While considering the temperature variations of physical properties of a licpiid, 
we have found it necessary to define a new characteristic temperature H given by
0 -^ 0“ *'■ where and refei' respectively to the critical temperature and the
“ c ~0f
melting point of the liquid. It has been shown that, expressed in terms of this 
characteristic temperature, many of the physical properties of the liquid vary with 
temperature according to a simple law’^
Z=Zy 0 " ,
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whert- Z/^ “  value oI the physical entity, at the niclling point O f
=a positive or negative fraction, , ,
In teiiiis of this reduced temperature the variation of velocity of sound with 
emperature in particular is given by
v= v^ r rf .
hi conclusion it gives me great jileasure to thank Mr, L. Sibaiya for his 
guidance during this investigation and Professor A. Venkat Rao Telang for his 
encouragement.
R K 1' Fv R K N C Tv vS
' Vreytr, TTiibbaid, Amin ws, f. Anirr. Chrm. S'rjr., 61, 759 (iqsg); ParlhsaraDiy, Ind. 
Auid, Sd  , 2A, /i<)7 (ie35) : Acad. ScL, 59 (1936) , Ind. Acad. Sti., 3A, 285, 297, 4^ 2 and
.tjig; vSi'luuds, Zidts. f. / h^ysik, 105, 658 (1937) and Syanson, /. Chrm. Phys., 2, 6S9 (1934).
2 Frcycr Iluhhard, Andrews, ]. A/nrt. Chem Soc , 51, 759 (1929) ; Schaafs, Zeits. f. physik  ^
106, 61^ 8 (1937b
 ^ Wlicclcr, I'rans. Nat. Sc. of India, 1, 333 (1938). 0
 ^ M. Rama I a^o, Cnn. Sd., 8, 510, (1939).
Wheeler Trams. Nat. Inst. Sc. of India, 1, 333 (1938).
6 Sugdeii, J.  Chem. Soc., 1780-86 (1927) ; J. Chem. Soc., 1055 (1929).
 ^ h. Sibaiya and M. Rama Ran. Cmr. Sd., 8, 339 (193R).
